5 


File : CI0047--OS 


Inverter and Lamp Igni-bion System Using the Same 


baqqjKUd cf tor IN^SNEICN 

Field c£ ihe Ijrxwent±cn 

The present invention relates to an inverter in a lamp ignition 
device, particularly to a mono-stage high-efficiency inverter for the 
backlight module of a liquid crystal display (LCD) • 

npftn''.!' igrtrifn of tiie PslaAisd Arb 

Discharge laitps, such as cold cathode fluorescent lamps (CCFLs) , 


10 are usually used as the backlight source of LCD panels. Such a lamp 
has terminal voltage characteristics that vary with the immediate status 
and the frequency of the stimulus (AC signal) applied to the lamp. 
rU The CCFL will not conduct current until it is struck or ignited. When 

the lamp conducts current, the applied terminal voltage is less than 
^=5 15 the strike voltage. For example, the terminal voltage must be greater 
|,* than or equal to 1500 V to strike the lamp. Once an electrical arc 

'^^ is strike in the CCFL, the terminal voltage falls to a lower run voltage, 

ry which is approximately one third of the strike voltage, and the current 

input range is relatively wide. For example, the run voltage of a 
20 CCFL may be 500 V with a current range of 500 mA to 6 mA while the 
strike voltage thereof is 1500 V, The CCFL is usually driven by an 
AC signal with a frequency ranging from 30 KHz to 100 KHz. 

Discharge lamps exhibit negative resistance characteristics, so 
the operating voltage decreases when the consumed power increases. 
25 The circuit for supplying power to the lamp, such as an inverter , requires 
a controllable alternating current power supply and a feedback loop 
capable of accurately monitoring the current in the lamp so as to maintain 
the stability of the circuit and to have load-regulation ability. 
When designing inverters for LCD backlight system of notebook or 
30 desktop coirputers, efficiency, cost and size are some of the most critical 
factors- A conventional inverter for LCD backlight system, such as 
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the inverter numbered CXA-K05L-FS sold by TDK Corporation of Tokyo, 
Japan, comprise a buck converter and a current-fed self-oscillating 
push-pull inverter (also called a Royer inverter) . The efficiency 
of such combination of a buck converter and a Royer inverter is limited 
by the two power conversion stages. Particularly, the magnetizing 
inductance of the transformer in the Royer DC/AC converter serving 
as the resonant inductance causes additional power loss . 

Currently, the efficiency of an inverter having a structure of 
two power conversion stages, the buck stage and the Royer stage, is 
about 70-80%. Especially in the case of a low input voltage, a higher 
coil ratio of the transformer is required, so that the loss increases 
and the entire efficiency decreases. Such transformer structure uses 
a central tap, and thus is difficult to be miniaturized and has a higher 
manufacturing cost. Besides, only one set of the coils operates in 
each of the half-cycle of the transformer, and the utility rate is 
accordingly low. Moreover, the output voltage waves of such inverter 
have higher harmonic compositions, which cause a lower illuminating 
efficiency, a shortened lifespan of a lamp, and a greater electromagnetic 
interference . In summary, such inverter has the disadvantages of higher 
manufacturing cost, lower efficiency, and excessive harmonic waves. 

SCMABY GF THE IN^^XHICN 

In view of the above, it is an object of the present invention 
to provide an inverter for lamp ignition device, which is constructed 
25 by a single power conversion stage. 

It is another object of the present invention to provide an inverter 
for lamp ignition device, in which the transformer has a sinple structure 
without the provision of a central tap. 

It is a further object of the present invention to provide an inverter 
30 for lamp ignition device, which operates at a duty cycle of approximately 
D=0.5 and is dimmable by burst mode control. Current asymmetry is 
thus avoided. 
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It is Still a further object of the present invention to provide 
a lanp ignition system, which outputs to the lamp voltage waves with 
less harmonic conpositions . Therefore, higher illuminating 
efficiency, longer lifespan of the lamp, and smaller electromagnetic 
5 interference are achieved. 

Accordingly, the invention discloses an inverter for the ignition 
of a discharge lamp. The inverter according to the invention coitprises 
a transformer, a first switch transistor, a second switch transistor, 
a reset capacitor and a control circuit. One of the source/drain of 
10 the first switch transistor is electrically coupled to the primary 
'!* side of the transformer. One of the source/drain of the second switch 

a 

i; 3 transistor is electrically coupled to the primary side of the transformer . 

j:f| The reset capacitor is electrically coupled between the other of the 

source/drain of the first switch transistor and the other of the 
1=0 15 source/drain of the second switch transistor. The control circuit 

controls the first switch transistor and the second switch transistor 

Til not to conduct current at the same time. 

U 

The control circuit further renders both the first and the second 

M switch transistors non-conducting during the interval between the 

i U 

20 conducting of the first switch transistor and the conducting of the 
second switch transistor. The control circuit further controls the 
current value at the secondary side of the transformer according to 
a burst mode control signal. 

The control circuit comprises a driving circuit which utilizes 

25 the voltage across the reset capacitor as driving power for generating 
two switch control signals respectively output to the first switch 
transistor and the second switch transistor so as to reduce the conducting 
resistance thereof - 

Moreover, the present invention discloses a lamp ignition system 

30 comprising a discharge lamp and an inverter. The inverter comprises 
a transformer, a first switch transistor, a second switch transistor, 
a reset capacitor, a first snubber capacitor, a second snubber capacitor 
and a control circuit. The secondary side of the transformer is 
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electrically coupled to the discharge lanp. One of the source/drain 
of the first switch transistor is electrically coupled to the primary 
side of the transformer. One of the source/drain of the second switch 
transistor is electrically coupled to the primary side of the transformer . 
5 The reset capacitor is electrically coupled between the other of the 
source/drain of the first switch transistor and the other of the 
source/drain of the second switch transistor. The first snubber 
capacitor is electrically coupled between the source and the drain 
of the first switch transistor. The second snubber capacitor is 
10 electrically coupled between the source and the drain of the second 
switch transistor. The control circuit generates two switch control 


□ 

Q signals in response to a voltage feedback signal representing the current 


value at the secondary side of said transformer and respectively outputs 
them to the gate of the first switch transistor and the gate of the 
15 second switch transistor to thereby cause the first switch transistor 
and the second switch transistor not to conduct current at the same 
ry time. 

u 

, The control circuit comprises an error amplifier and a pair of 

^5 comparators. The error amplifier senses the voltage feedback signal 

20 representing the current value of the discharge lamp and a reference 
voltage to perform error anplif ication . The pair of comparators 
generate two switch control signals according to the comparison result 
of the output of the error anplifier and a reference triangular wave. 


25 EEOEF IZSCZOiarilCN GF IX»m«3S 

The above is a brief description of some deficiencies in the prior 
art and advantages of the present invention . Other features , advantages 
and embodiments of the invention will be apparent to those skilled 
in the art from the following description, accompanying drawings, 
30 wherein: 

Figure 1 shows the combination of an inverter and a discharge lamp 
of the preferred embodiment according to the invention; and 
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Figure 2 shows a timing diagram of the operation in the inverter 
of the preferred embodiment. 

ZEUaUSD EESCEaFEDCK CF THE INVENZXCK 

5 Figure 1 shows the combination of an inverter and a discharge lamp 

of the preferred embodiment according to the invention. An inverter 
100 and a lamp Lp constitute a lamp ignition system. The inverter 100 
according to the first preferred embodiment of the invention comprises 
a transformer Tl, a switch transistor Ql, a switch transistor Q2, and 
10 a reset capacitor CI. One of the source/drain of the switch transistor 
Ql is electrically coupled to the primary side of the transformer Tl 
^1 at node A while the other of the source/drain thereof is electrically 

rji coupled to the reset capacitor CI at node B. One of the source/drain 

of the switch transistor Q2 is electrically coupled to the primary 
l!5 15 side of the transformer Tl at node A while the other of the source/drain 
thereof is electrically coupled to the reset capacitor CI at node E. 
\W The discharge lamp Lp is electrically coupled to the secondary side 

of the transformer Tl. A DC power source outputs DC voltage Vin to 


1:^ 


: sr 


the inverterlOO. In the preferred embodiment, the switch transistor 
20 Ql is preferably an NMOS transistor, and the switch transistor Q2 a 
PMOS transistor; however, this is only exemplary, not limiting. 

For simplicity, the following analysis is performed under Vin=5V 
and D=0.5, wherein D denotes the duty cycle of the switch transistor 
Ql or Q2 . When a DC voltage Vin is provided to the inverter 100, voltage 
25 Vin charges the capacitor CI through the body diode Dp of the switch 
transistor Q2 located at the primary side of the transformer Tl. When 
the voltage across the capacitor CI reaches a certain value, switch 
transistors Ql and Q2 begin to switch and the entire circuit works. 
Please refer to Figs. 1 and 2. Figure 2 shows a timing diagram of 
30 the operation in the inverter of the preferred embodiment. 

During the time interval of tl to t2, the switch transistor Ql 
is ON, while the switch transistor Q2 is OFF. The DC voltage Vin charges 
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the magnetizing inductor of the transformer Tl , which linearly increases 
its magnetizing current Im- At this time, the voltage across the primary 
winding of the transformer Tl is Vin=5V, wherein part of the power 
is stored in the magnetizing inductor and part of the power is transferred 
5 to the secondary winding of the transformer Tl . 

During the time interval of t2 to t3, both the switch transistors 
Ql and Q2 are OFF. Since the current at the primary side of the 
transformer Tl should be continuous, the body diode Dp of the switch 
transistor Q2 is conducting. 
10 During the time interval of t3 to t4, the switch transistor Ql 

is OFF, while the switch transistor Q2 is ON. The voltage Vcl across 


Q the capacitor CI (capacitor CI must be large enough to provide a stable 


DC voltage Vcl) resets the magnetic flux of the transformer Tl, which 
linear decreases the magnetizing current Im. At this time, the voltage 
rg 15 across the primary side of the transformer Tl is (Vcl-Vin) =-5V, 

During the time interval of t4 to t5, both the switch transistors 
Ql and Q2 are OFF. Since the current at the primary side of the 
transformer Tl should be continuous, the body diode Dn of the switch 
□ transistor Ql is conducting. 

^' 20 According to the above analysis, the body diodes Dn and Dp start 

to conduct current before the switch transistors Ql and Q2 turn on, 
and therefore the switch transistors, when turning on, have the 
characteristic of zero voltage switching (ZVS) . 

The turning-off of the switch transistors is hard-switching. 
25 Therefore, snubber capacitor sC3 and C4 are parallelly-connected between 
the drain and the source of the switch transistors Ql andQ2 respectively 
to delay the rising time of the source-drain voltage Vds, to reduce 
the cross-over area of the drain current (Id) and the source-drain 
voltage (Vds) , and to lower the power loss resulting from the turning-off 
30 of the switches. Accordingly, when the switch is in the ON state, 
the average voltage value of the magnetizing inductor of the transformer 
Tl is zero, and thus Vcl==Vin/ (1-D) is derived. For example, when Vin=5V 
and D=0.5, Vcl=2Vin=10V. The voltage Vcl across the capacitor CI is 
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appropriately used as the driving power of the switch to thereby obtain 
a smaller conducting resistance (Rdson) and lower conducting loss. 
Since a smaller conducting resistance (Rdson) is obtained, a 
considerably good result can be achieved by simply using a PMOS as 
5 the switch transistor Q2. The complicated isolation driving circuit 
is not required now that we do not use NMOS as the switch transistor 
Q2. 

According to the preferred embodiment, the control circuit 50 of 
the inverter 100 can be constituted by an error amplifier 10 and a 

10 pair of comparators 20, wherein the dead time can be varied by adjusting 
the ratio of resistors Rl and R2 to avoid that the switch transistors 
Ql and Q2 conduct current at the same time. 

The error amplifier 10 comprises an amplifier 10a, an impedance 
network Zl and an impedance network Z2 . The impedance network Zl 

15 transforms the current Ilp through the discharge lamp Lp at the secondary 
side of the transformer Tl to a voltage feedback signal Vf in proportion 
to the current Ilp- The amplifier 10a senses the voltage feedback signal 
Vf , which represents the lamp current at the secondary side of the 
transformer Tl, and a reference voltage Vref to perform error 

20 amplification. The impedance network Z2 is provided for balancing 
the resistances at the output terminal and input terminal of the amplifier 
10a. 

According to the comparison result of the output of the error 
amplifier 10 and a triangular wave St, the pair of comparators 20 generate 

25 control signals for controlling switch transistors Ql and Q2 . The 
pair of comparators 20 comprise voltage-dividing resistors R1+R2 and 
comparators 20a and 20b. The voltage-dividing resistors R1+R2 are 
electrically coupled to the output terminal of the error amplifier 
10 to provide two different voltage values for respectively output 

30 to the conparators 20a and 20b . The comparators 20a and 20b respectively 
compare a triangular wave St to the two different voltage values from 
the voltage-dividing resistors and generate two switch control signals 
for controlling the switch transistors Ql and Q2. 
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Moreover, the present invention may further utilize a driving 
circuit 30 for enhancing the driving power of the switch control signals . 
The voltage Vcl across the capacitor CI can be used to power the driving 
circuit 30. Therefore, switch transistors Ql and Q2, when turning 
5 on, may have a smaller conducting resistance (Rdson) to thereby reduce 
the conducting loss. 

By using the leakage inductance at the secondary side of the 
transformer Tl and the leakage current of the lanp as a filter and 
the capacitor C2 as a decoupling capacitor, the AC square waves at 
10 the primary side of the transformer Tl are filtered into sinusoidal 
waves for supplying to the lamp Lp. Since the output voltage is 
approximate to sinusoidal wave, which has less harmonic compositions, 
the electromagnetic interference is reduced to thereby increase the 
lighting efficiency and prolong the lift of the lamp, 
rg 15 The circuit of the present invention may operate around D=0.5 and 

utilize burst mode signals Sbmc (200Hz~300Hz) for dimming control, 
lij Therefore, no asymmetry of the lamp current occurs. 

I: si: 

; ^ The circuitry of the present invention is a mono-stage conversion 

'•iff 

!;3 configuration, and thus an efficiency of over 85% can be obtained. 

* ^ 20 In addition, the control circuitry has the advantages of simplicity 
and low-cost . 

The above description provides a full and complete description 
of the preferred embodiments of the present invention. Various 
modifications, alternate construction, and equivalents may be made 
25 by those skilled in the art without changing the scope or spirit of 
the invention. Accordingly, the above description and illustrations 
should not be construed as limiting the scope of the invention which 
is defined by the following claims . 
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